Abstract: Conventional culture methods to detect methicillin-resistant Staphylococcus aureus (MRSA) take a few days, and their sensitivity and usefulness also need to be improved. In this study, active screening was performed using the polymerase chain reaction (PCR) for colonization with MRSA on admission and follow-up surveillance after admission to an emergency department between June 2012 and August 2012, and the backgrounds of PCR and/or culturemethod-positive patients were compared. Among 95 patients, 15 (15.8%) patients were positive for MRSA on PCR and/or culture; 6.3% (6/95) of patients were positive on admission, and 9.5% (9/95) became positive during the stay after admission. The major primary diagnoses in MRSA-positive patients were trauma and cerebrovascular diseases. Nine (60%) of 15 patients were MRSA-positive on both PCR and culture, compared with three (20%) of 15 who were PCR-positive but culture-negative. The other three (20%) of 15 patients were PCR-negative but culture-positive. Furthermore, there was a tendency for younger age and shorter stay to be associated with PCR-positive but culture-negative results. These findings suggest that active surveillance with PCR may be highly sensitive and useful for the early diagnosis of MRSA colonization to prevent nosocomial transmission from the emergency department to the regular inpatient wards of the hospital.
Introduction
Methicillin-resistant Staphylococcus aureus (MRSA) has become one of the leading causes of infections in hospitals, and mortality associated with MRSA infection is still high in Japan. 1 MRSA bacteremia is a serious problem among infectious diseases, not only because of its increasing frequency, but also because of its difficulties with treatment and high mortality. 1, 2 In our previous study, the mortality of MRSA bacteremia in our hospital was 40%, but the survivors had been referred significantly more to the Infection Control Team than non-survivors. 1 Therefore, early diagnosis and rapid, appropriate prevention are very important for improving patient outcomes.
Screening for MRSA is one of the most important components of successful infection control. Active surveillance culture and subsequent isolation of colonized patients are effective and usually used as a strategy for reducing the transmission of MRSA in emergency care departments. Active surveillance culture for MRSA in the nares of at-risk patients is recommended by the Society for Healthcare Epidemiology of America for control of nosocomial transmission of MRSA. 3, 4 However, conventional culture methods to detect MRSA may be time-consuming and often lead to delayed precautions. Recently, rapid detection polymerase chain reaction (PCR) assays for detection of MRSA directly from screening swabs, which take a few hours, have been developed, and Taguchi et al reported the usefulness of active screening for colonization with MRSA in tertiary care centers. 6 Their results suggested higher sensitivity of PCR-based active surveillance compared with conventional culture methods, but they are expensive, and their sensitivity/specificity and efficiency for prevention of MRSA transmission and their costeffectiveness have not been convincingly established. 2, 7, 8 In this study, the prevalence of MRSA infection and the characteristics of the patients who were positive on either or both of PCR screening and culture in an emergency department in Osaka, Japan, were investigated.
Materials and methods hospital and patient setting
Our hospital is a 1,076-bed university hospital located in Osaka, Japan. Surveillance of hospital-acquired infections using data from June 2012 to August 2012 in a 20-bed emergency department was performed. Emergency departments in Japan are different from those in the United States; they are closer to an outpatient setting with access to inpatient facilities, and they include a critical care unit. Informed consent was obtained from the patients in accordance with the requirements of our hospital's Institutional Review Board. This study was approved by the Research Ethics Committee of Osaka University and assigned accession number 11159-6. Patients who died within 24 hours and those who were unwilling to participate in this study were excluded.
Microbiological procedures
All patients underwent MRSA screening culture of nasal swabs and PCR using the GeneOhm MRSA assay (Becton Dickinson, Franklin Lakes, NJ, USA) on admission. Unilateral anterior nares swabs (Culture Swab Liquid Stuart Single Swab; Becton Dickinson) were used. Samples of nasal swabs for MRSA culture and PCR were taken on admission and every 7 days thereafter. Therefore, "imported" means that MRSA was isolated on admission (usually within 48 hours), and "acquired" means that MRSA was not isolated on admission, but isolated at 48 hours after admission (usually 7 days later). In addition, "infection" means that MRSA was considered to be a pathogen, and "colonization" means that MRSA was just isolated without any related inflammation and diseases.
MRSA-PCR was performed universally in the emergency department, and collecting nasal swabs was discontinued when the patients moved to general wards.
Bacterial culture methods
After collecting the samples, nasal swabs were transported to the laboratory immediately and plated directly onto mannitol salt agar, incubated at 35°C with 5% CO 2 for 48 hours, and then maintained at 25°C for 5 days. Colonies that were mannitol-fermenting, catalase-positive, and coagulase-positive were screened for methicillin resistance on Mueller-Hinton agar supplemented with sodium chloride cations and oxacillin at 4 µg/mL according to the Clinical Laboratory Standards Institute guidelines. Antimicrobial susceptibility testing for agents was measured by the broth microdilution method and automated equipment (MicroScan WalkAway, Siemens, Munich, Germany). 8 
PcR assay
The swabs were also used for the real-time PCR-based BD GeneOhm MRSA assay (Becton Dickinson Diagnostics) in accordance with the manufacturer's instructions.
In brief, the nasal swab was placed in a tube with 7% NaCl buffer, and the resulting suspension was transferred to a lysis tube for DNA extraction. Subsequent addition of the kit's molecular reagents was followed by real-time PCR. The lysis buffer without the DNA template was used as a negative control, and the kit supplied the template DNA as the positive control. The cycling conditions included a total of 45 cycles for annealing, denaturation, and extension. The entire process run-time was about 1 hour. In the GeneOhm assay, the use of primer sequences for the SCCmec and orfX regions generates MRSA-specific products.
Data analysis
GeneOhm MRSA results were compared with those obtained from bacterial cultures. Samples that were positive on both the GeneOhm assay and culture were reported as PCRpositive and culture-positive (PCR+Culture+), and those that were positive on the GeneOhm assay and negative on culture were reported as PCR-positive and culture-negative (PCR+Culture-). PCR-Culture+ means PCR negative but culture positive.
Data regarding patient characteristics and culture results were obtained by prospective chart review. Data are presented as means ± SEM (standard error of the mean). The non-parametric Kruskal-Wallis test was used to compare categorical variables among the groups, including the PCR+Culture+, PCR+Culture-, and PCR-Culture+ groups. All tests of significance were two-tailed, and values of P,0.05 were considered significant.
Results

study patients
A total of 95 samples were collected from 95 patients on admission during the period; 15 patients (15.7%) were positive on PCR, culture, or both. Of these, six (6.3%) patients were positive on admission, whereas nine (9.5%) became positive during their emergency department stay (Figure 1 ). On admission, three of six patients were positive on both PCR and culture (PCR+Culture+), two on PCR only (PCR+Culture-), and one on culture only (PCR-Culture+). After admission, six of nine patients were positive on both PCR and culture (PCR+Culture+), one on PCR only (PCR+Culture-), and two on culture only (PCR-Culture+) ( Figure 2 ).
characteristics of MRsa-positive patients by detection method
The characteristics of the 15 MRSA-positive patients (eleven males and four females) are summarized in Table 1 . No significant differences were seen in mean total Glasgow Coma Scale scores, number of definition items of SIRS (systemic inflammatory response syndrome), sepsis-related organ failure assessment scores, and APACHE (Acute Physiology and Chronic Health Evaluation) II scores among PCR+Culture+, PCR+Culture-, and PCR-Culture-patients on admission.
Among these patients, cases suspected to be imported/ acquired, colonization/infection, anti-MRSA drug use, and survival rates were also similar, but a significantly shorter length of stay and a tendency for younger patients were suggested in PCR+Culture-cases, although PCR+Culture+ and PCR-Culture+ patients appeared older and stayed longer.
Trauma was the most common primary diagnosis in PCR+Culture+ patients, while there were no trauma patients in the PCR+Culture-and PCR-Culture+ patients. Cerebrovascular diseases were seen in three PCR+Culture+ and one PCR-Culture+ patient, and all three PCR+Culture-patients had cerebrovascular diseases as underlying diseases. One PCR+Culture+ and one PCR-Culture+ patient had infectious diseases, and post-resuscitation and a burn were seen in a PCR+Culture+ and a PCR-Culture+ patient, respectively.
MRSA findings by PCR assay and comparison with the bacterial culture method Table 2 shows the results of the PCR assay and culture method with the 95 swab samples tested in this study. Of these, 12 (12.6%) nasal swabs were positive for MRSA colonization on PCR and/or culture. Among these, three of 12 (25.0%) were diagnosed by PCR alone, whereas three of 12 (25.0%) were diagnosed by culture alone. The Notes: *Bacterial number: 1, ,10 colonies/ml; 2, 10-100 colonies/ml; 3, 100-500 colonies/ml; and 4, .500 colonies/ml, respectively. MRsa detected from PcR+culture-were collected within a week after first PCR/Culture. # P,0.1, **P,0.05. Abbreviations: MRsa, methicillin-resistant Staphylococcus aureus; PCR, polymerase chain reaction; SD, standard deviation; SIRS, systemic inflammatory response syndrome; sOFa, sepsis-related organ failure assessment; aPache, acute Physiology and chronic health evaluation; lOs, length of stay.
sensitivity and specificity of PCR were 75.9% (9/12) and 96.4% (80/83), respectively.
Discussion
MRSA is one of the most important pathogens that cause infection among critically ill patients admitted to an emergency department. The report from the National Nosocomial Infection Surveillance System and the present data showed that approximately 60% of all S. aureus nosocomial infections in intensive care units were methicillin-resistant. 1, 9 In the present study, there was a relatively high rate of MRSA colonization in patients admitted to an emergency department in Japan. The colonization rate was 3.2% (3/95), but it increased to 6.3% (6/95) 
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Real-time PcR for MRsa nosocomial transmission on admission were included. This 6.3% prevalence rate at emergency department admission found in this study is lower than in some earlier studies in the endemic area of Europe, which ranged from 8% to 10%, but similar to the rates at admission in the studies in the United States, Canada, and France of 4% to 9%. 3, [10] [11] [12] [13] The prevalence rate of MRSA colonization, detected by not only PCR, but also culture methods, in these studies of high-risk patients suggests the value of PCR screening in such patients. The positive proportion of patients in the present study on both methods, 6.3%, was relatively higher than the 4% on culture when all of the MRSA cases that had been imported from other wards within the hospital or had a history of visiting other hospitals were investigated. 10 This result might be due to their restriction of screening to patients considered at high risk of MRSA carriage, those transferred from other wards with a known high prevalence rate of MRSA, those with a long stay in another ward before emergency department admission, and those with a history of admission in high-risk hospitals and units. Patients with these risk factors for MRSA carriage may be more likely to have an MRSA-positive clinical specimen at emergency department admission. 12 In this study, all of those acquiring MRSA during admission to our emergency department had risk factors for MRSA colonization, such as trauma, cerebrovascular diseases, infectious diseases, post-resuscitation, and burns. It has been reported that risk factors for MRSA colonization include: hemodialysis; illicit intravenous drug use; previous exposure to antimicrobial agents; prolonged hospitalization; and severe underlying illness, such as dermatitis and diabetes mellitus. Furthermore, 25% of individuals who acquired MRSA colonization during admission subsequently developed MRSA infection.
14 Detecting MRSA colonization at or after hospitalization may be a target high-risk population that may benefit from interventions to decrease the risk for MRSA infection subsequently.
In the present study, 20% of MRSA positive patients were PCR+Culture-. Lucet et al reported that 54% of MRSA colonized patients might have remained undetected at the time of admission in their study of intensive care unit patients. 12 Although the use of nasal cultures alone for the detection of MRSA colonization shows 78%-85% sensitivity, the present results were similar and also suggest that active surveillance requires PCR, and that doing so must lead to an increase in the detection rate for MRSA.
The PCR assay in the present study was very effective for MRSA detection in critically ill patients. In fact, the PCR+Culture-patients stayed shorter and had a tendency to be younger, with a possibility of lower MRSA colonization, suggesting that they were low-risk carriers. Ghazal et al performed preemptive screening in emergency departments; specifically, they used PCR testing of nasal swab specimens collected from patients 1) who had been transferred from other hospitals, 2) who had a history of prior hospitalization in the last 6 months, or 3) who had a history of infection or colonization with MRSA to identify active carriers. . 15 These results also strongly suggest that PCR-based surveillance might lead to early interventions by the Infection Control Team, and they could efficiently reduce nosocomial MRSA transmission and infection.
With regard to the BD GeneOhm MRSA assay, previous studies have confirmed that this assay is both specific and sensitive. 6, 16, 17 The sensitivity of the BD GeneOhm MRSA assay in the present study was relatively low, although the specificity was similar to previous reports. These discrepant results might be due to the lower number of analyzed samples and cases, as when we previously investigated the clinical utility of the SeptiFast system, a multiplex pathogen detection system for bloodstream infection. 7 Further investigation and detailed analysis are needed, but, interestingly, nine of the present patients who were MRSA-negative by both PCR and culture at admission subsequently became positive by both methods after admission; this suggested that "selective pressure" for MRSA was present. If so, this result may suggest that some of the present false-positive patients may have been true-positive. In fact, all five of nine (55.9%) patients were treated with antibiotics, including four with sulbactam/ and 92% with the addition of groin swabs, and to 96% and 99% with the addition of groin and throat swabs. 18 Collecting additional swabs including the groin and throat may increase the sensitivity of both PCR and conventional culture methods. We could use the PCR methods efficiently to perform effective prevention of MRSA transmission if we could collect samples from several sites.
In conclusion, PCR-based active surveillance was performed, and it showed a relatively high rate of MRSA colonization at the time of admission to the emergency department. PCR+Culture-patients showed a tendency of being younger and had a shorter stay, which suggested colonization with a relatively lower number of MRSA. These data suggest that PCR-based active surveillance was rapid and more sensitive than conventional culture methods, although the present study was performed in a single facility and the sample number was small. This PCR-based active surveillance system in combination with the implementation of contact precautions for patients with MRSA-positive results may contribute to further reductions of MRSA transmission in emergency departments of hospitals in the near future.
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